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13. Abstract {(Continued):

¢. The peroxide value
h., The AOM stebility
¢. Response of the flevor panel as a fimction of AT and PV values

d, Organoleptic responses of the psnel as a function of
temperature, time, PV, and AOM values.

It wes found that the stability of the camned margarine is mginly and
predictably dependent upon the PV and AOM value of the stock oil. Also,
e close relationship exists between the PV's of the stock oil and of the
ol)l separated from the canned margerine hy thermal damulsification,
However, no useful relationship for predicting the shelf life from the
AOH velues of the oil separated frowm the canned margarine by the four
methods could he estahlished,

It is evident that the autoxlidation of the margarine fat does not proceed
in the sealed container, but the hydroperoxides present originally will
decompose end ceuse sowe deterioration and development of the off flavor
and odor and fading of the color.

The AOM value of the separated oil is not well suited for judging the
shelf 1ife of canned margarine beceuse the AOM test has been designed to
pradict the stehility in the presence of oxygen.
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FOREWORD

Incraasing reliance upon and-itam inspection in lieun of inspection of
ingradient materials in Armed Forces procurement necessitatas reconsideration
of test procadures for sp2cification enforcemsnt. The shelf=1ifea of canned
msrgarine, the most widely used spread in operational rationa, had been
controlied hy a stzhility requirement on the base oil stock., 7Thia
requirement was ¢nforcad hy testing the oil stock with the Active Oxygen
Method (AOM) stahility test. The validity of this test applied to the end-
item, or more exactly to the oil phase ssparated from the fimished margarine
has been challanged. Two ohjections ware mpde: (1) that methods used to

] sepsrate the oil phase wers imperfect and {2) that the AOM atahility of the
3 saperited oil reflects neither the stability of the basz oil nor that of the
: margerine., It wves importent, therefore, to detarmine the validity of thase
ohjactions.

SRl LA Tk Al o

The work covered in this report, performsd at the Research and Development
Center of Swift and Coampany under Contract Nushar DAAG 17-69-(-0201

{Decsmber 1969 - December 1970) represents an investigatiom (1) of the
effects of methods of o0il saperation on the ACM stebility of the separated

3 0il, (2) the relationships betwcen the AOM's of the bsse o0il stocks and of
the separated oil, and (3) the relationships betwean thase two AOM values and
the shelf-1life of margarine, The investigators were P, XK. Jarvi,

C. A, Ovarley and J. W. Robertson.

The U, 5. Army Natick lLaboratories Projact Officar was A. S. Henick and the
Alternete Project Officer wes I. Bloch, hoth ¢f the Food Chemistry Division,
Pood Lahoratory,
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ABSTRACT

The aim of the study of canned margarine was to determine the
relationships between the keepirg quality (shelf life} and the
Active Oxygen Method (AOM) fat stability test and Peroxide
Value (PV) made on the oll incorporated into the margarine and
separated from it. Methods cf oil separation were also studied.

Five margarines were formulated containing varying amounts of
oxidized oil (0, 3.1, 5.8, 12.4, 20%) packed in sealed zans and
stored at +100°F. and ~20°*F, 1Initial and monthly samples for a
period of six months were subjected to four methods of oil
separation; thermal demulsification, solvent extraction, vacuum
distillation, and chemical demulsification. The separated oils
were evaluated for AOM and PV. The margarines themselves were
sensory evaluated for color, oder, flavor and mouth feel.
Statistical procedures were used for evaluation of the results,

A method for oil separation {thermal demulsification} was
selected as basis of statistical evaluation, because it allows
the most accurate prediction of the organcleptic responses:
odor, color, and off flavor, as a function of the percent of
oxidized oil, AOM, and PV,

The results of the stability tests were evaluated statistically.
Equations were derived for predicting:

a. The peroxide value
b, The AOM stability

c. Response of the flavor panel as a function of ACH
and PV values

d. Organoleptic responses of the panel as a function
of temperature, time, PV, and AOM values.

It was found that the stability of the canned margarine is mainly
and predictably dependent upon the PV and AOM value of the stock
oil. Also, a close relaticnship exists between the PV's of the
stock oil and of the 0il separated from the canned margarine by
thermal demulsification., However, no useful relationship for
predicting the shelf iife from the AOM values of the oil separat-
ed from the canned margarine by the four methods could be
established.

1t is evident that the autoxidation of the margarine fat does
not proceed in the sealed container, but the hydroperoxides
present originally will decompose and cause¢ some deterjoration
and development of the off flavor and odor and fading of the
color.

The ACM value of the separated oil is not well suited for
judging the shelf life of canned xargarine because the AOM

test has been designed to predict the stability in the presente
of oxygen.

vi
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INTRODUCTION

The study of fat stability and shelf 1ife of tanned margazine
involves the relationships between keeping quality {shelf life]}
and the Active Oxygen Method (AOM) fat. stabiliity test and
Peroxide Value (PV) made on the oil incorporaied into the
margarine and separated from it.

The problem here iz the same as is usually encountered with
the stability of fats. Thé autoxidation and the decomposition
of the hydroperoxide are usually described as a chain rsantvion:

DECOMPOSITION OF

HYDROPEROXIDE ROOY =———ep RO° + HO®
(IMITATION)
_ ko
CHAIN Re + 0p° ——————b RO,-
: X
PROPAGAT ION rnozo + RH ————e>y ROOH + R°
- > !
kg
CHAIN RO,* + RO,° — )
kg )
TERMINATION RO,° + Rs ~o—a» j =~ PRODUCTS
k )
Re ¥ Re -r——i-—& 1

‘Among the side products of the reaction are formed the off
flavor and odor causing compounds,

‘The results of all examinations were evaluated by statistical.
procedures for analysis of variance and co-variance, znd
differences after storage were correlated with the results of

the initial .analyses and tests, both on the oil ingredients

and on the oils separated from the finished products. Regression
equations, together with standard deviations were developeu to

permit the prediction of shelf life of canned margarine from the
results.
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MATERIALS AND METHODS

Oils

Refined and bleached cottonseed oil used as the base oil was
hardened to meet the solid fat index values as required 1in
Mil M-10958D Military Specification, Canned Margarine Section
3.4.1. Results are shown in Table .

TABLE I

INITIAL OIL

SOLID FAT [INDEX VALUES (SFI)

Lot No.
Temp. (°F) Specifications 1 2 2 4 5

50 28.0-32.0 30,7 307 30 7 31.8 31.9
70 18.0-21.0 2.2 21,2 21.2 22.2 21.2
80 17.5-20.5 18.7 18 7 18.7 19.7 :8.3
92 11.5-13.0 il.9 11.9% 1l1.9 12.4 11.4
100 7.5-9.5

105 5.5-8.0 5.8 5.8 5.8 5.6 5.5

In order to obtain fat stability tests ranging from 40 to 80
hours, a preoxidized oil was used. This was prepared by
seqgregating a portion ¢f the initiai hardened oil, rapidly
mixing to form a vortex with air and keeping at a temperature

of 170-180°F. After 237 hours mixing and having a peroxide
value of 45.0, this oxidized oil was added to the initial oil
test batches in amounts from 0 to 20%, from which the margarines
were prepared, see Table II,

TABLE II
OIL BLENDS

Lot 1 Lot. 2 Lot 3 Lot 4 ot 5

$ Oxidized 0il 20.0 12.4 5.8 3.1 -
Peroxide Value 15.2 11.0 7.6 2.6 2.4
AOM (hours) 64 76 87 121 96

The analytical requirements as indicated in Section 3.4.1 were
followed except for peroxide valiue and fat stability. Artificial
flavor was omitted to enablas a better following cf the development
of off flavors. Analyslis of the iritial samples of the lots
prepared are as seen in Table III.




TABLE ITI

ANALYSES OF FINISHED MARGARINE

Lot " Moisture Fat CCurd " 8alt
1 14,3 ° 84 .4 1.0 358
2 12.7 82.9 Liei2 3.2
3 11.8 83.9 1.0 33
4 10.9 8d4.7 1.4 3.0
5 12.6 82.0 X.7 3o 7

The samples of margarine were packed in size 603 by 700 cans,
and each lot put at =20°F. and 100°F. for aging. Duplicate
samples were submitted to the Natick Laboratories.

- AOM and PV

The AOM and PV determinations were made by using the official
methods of the American 0il Chemists Society.

' fME%HODS'OF'OTLZSEPRRATION

Since the PV and AOM's must be run on oil separated from the
finished margarine, a study was made to find the best means

of separating the oil, with the idea of improving the correlation
between the keeping quality of the margarine versus the fat
stability and the peroxide value tests.

The following methods of separation were investigated: thermal
demulsification, solvent extraction, evaporation under vacuum,
chemical demulsgification.

'Thermal'DemulS:;flcatmnw

Place 400 grams of margarine in a 600 ml beaker and hold at
150-160°F. for 16 hours (overnight). Decant the separated oil
through a coarse filter paper held in an oven .at 150-160°F.,
({Eaton-Dikeman No. 617 or equivalent} into a container,

‘S‘o‘lvent' Ext‘ra:ct‘ionﬂ :

Place 200 grams of margarine and 400 ce Skellysolve F in an
800 cc beaker. Stir by hand at room temperature until well
mixed and heat up at the same time to 9%95°F. Allow to stand
for a minimum of ten minutes, decant through a coarse filter
paper (Eaton-Dikeman €17 or equlvalent) into a round bottom
flask of 2-3000 ml capacity. Ewvaporate under vacuum (water
aspiration) in water bath of approximately 180°F. minimum.
Last traces of solvent are removed by means of a mechanical
pump with acetone-dry ice trap.
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Evaporation:

Place 200 grams of margarine in a 500 ml round bottom, ground
neck flask. Melt and heat half submerged in steam bath for
2-2 1/2 hours under vacuum ot 25 mm Hg or less using a Rinco
rotary evaporator. When all moisture has been removed, filter
while hot using suction through a warm Beuchner funnel (Eaton-
Dikeman No. 617 paper or equivalent} to a container.

Chemical Demulsificution:

Place 200 grams of margarine in a 600 ml beaker, melt on steam
bath and add 300 ml of 30% hydrechloric acid. Continue to heat
on steam bath for three hours with sccasional stirring with a
glass rod, When fat has separaced, decant through coarse fi.ter
paper (Eatoi-Dikeman No. 617 or equivalent) to a container.

SENSORY EVALUATION

Samples of each lot of margarine held at -20°F. and +100°¢F.
were removed monthly for six months. The margarines were
sensory evaluated Zor color, odor, fiavor, and mouth feel by
professional panelists using as control a sample containing
0% oxidized oil and held at -20°F., The panelists applied the
following scale in their evaluataion,

Color 1.00

W
#

No difference 6.00 = Very much difference

Odor 1.00 No difference 6.00

#
[}

Very much difference

off~Flavor 1.00

No difference 6.00

Very much difference

Mouth Feel 1.00

Poor 4,00

Exzellent
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RESULTS AND DISCUSSION

General

The selection of a method of oil separation was based on results
obtained through step-wise multiple linear regressions.* 1In the
regressicn AOM, peroxide values and the interaction (AOM by
peroxide value) were regressed with the organoleptic responses.
Regressions were executed for each of the four merhods of oil
extraction, in an effort to predict the organoleptic responses.

g The thermal demulsification method was selected as the most

3 sensitive method of oil extraction, since it allows significant
(£ = .05) prediction of all organcleptic responses. Further

§ examination of methods, revealed smaller standard errors {S.E.)
3 and larger percents of included variability in the thermal
demulgification method.

Table XV shows the standard errors (S.E.) and the percent
: included variability (R?}, as related to the AOM and peroxide
4 values using four methods of oil extraction.

TABLE IV
g SELECTICN OF 0OIL EXTRACTION METHOD
E Color Odox Off~-Flavor
'?\ s.E. R?  s.E. R® S.E, R?
Thermal AOM 1.2 10 4 + +
: PV 1.1 23 6 9 57 22
] AOM & DV 1.1 23 6 9 57 22
é
B Solvent AOM + + + + .8 08
5 PV 1;2 12 + + 08 ?\.0
3 AOM & PV 1.2 12 + 4 o7 22
Vacuum AOM + + . + + +
PV 1.2 12 + + o7 15
ADM & PV 1.2 12 ol 6 o7 15
Chem. AOM + + + 4 ¢ +
PV 1.2 7 + + 57 12
AOM & PV 1,2 7 + + ? H

+ Not predictable (o = .05)

»

N. R. Draper and H. Smith, "Applied Reqgression Analyzis",
John Whiley and Son,; Ins., New York, N. Y., 1966.

-5 =
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The development of rancidity in the margarines stored at 100°F,
and ~20°F. as measurad by the PV may be seen in Figures 1 and

2 and Table V.

The AOM (fat stability) results are prescented in Figures 3 and
4, and Table VI.

The sensory evaluation resuits of the margarine have been
collected in Figures 5, €&, 7, 8, 9, 10 and Tablie VII,

All of the correlation ccefficients for the variables studied

are presented in Table VIIi., It is our general experience that
correlation coefficients between a physical/chemical test and

an organoleptic result should be on the ozder of 0.75 or higher

to have any practical) (utilitarian} value. However, since
statistical significance exists above 0.23 some useful tonclusions

can be made.

It is evident that the thermal peroxide value correlates
significantly with the peroxide values obtained by the solvent,
vacuum and chemical separation procedures., The thermal AOM'se
also correlate significantly with the AOM's obtained by the
solvent and vacuum separation procedures., There is not a
significant correlation with the AOM's obtained by the chemical
separation.

Off flavor correlates significaatly with the peroxide wvalues
obtained by all four methods of <©il separation. Odor correlates
with the thermal peroxide value only.

As can be expected, off flavor and odor show a highly signitic-
ant correlation. Colcr shows a significant correlation with

off‘flavor and odor.

The percent of oxidized oil used to controi original AOM and
PV values shows a highly significant correlation with all the
studied variations except vacuum and chemical AOM,

Mouth feel does not correlate significantly with any of the
variations studied {did not change much during the study}.

Temperature has been a highly significant factor to the
development of color, cdor and <ff flavor, but on the other
hand, no significant correlation can be found with respect

to the PV and AOM values obtained by any of the methods tested.
An explanation may be found in that the margarine was kept in
sealed cans, with no possibiiity for additional oxygen %o gat

to the product, so that the oxidation reaction cculd not proceed,
and new hydroperoxides were not formed. However, the increase
of off flavor and odor obvicusly resulted from the deccmpusition
of the hydroperoxides present in the product a% the time of the
sealing of the cans.




REGRESSION E(UIATIONS

By means of statistical anaiysis of the data preseoted in ~he
earlier tables, the following equations predicting peroxide
values and AOM values as a function of temperature (‘F }, rime
(in days), and percent oxidized oil were obtained.

1 Peroxide Value = 1,52025 4 52.76306 (% oxidized oil)
& 4+ ,00120 {(temperature)
3 ~ 00143 (temperature x time x %
oxidized oil)
- ,06923 itemperature)

Cakiit can

+ 1.99272
3 .
W AOM Value = 63.28406 - 546.07771 (% oxidized s1ili)V¢
; + 87.,09573 {% cxidized nii’
1 + 5.82410

A set of equations was also developed for canned margarine for
predicting the organoleptic responses of the panel {(without
the time element) as a function of the active oxygen method,
peroxide value, or their squares. These equations may be seen

W

s S

e e LY

below:
ORGANOLEPTIC PREDICTION EQUATIONS
F | Equation Std. Dev. Std. Dev from
11 from Means Regression R?>
; Color =1.5317 + .1457 (PV) 1.2388 1.0961 23
=21,478 - 5506 (AOM)
2, + .0040 (AOM)}?  1,2388 1.1930 10
: odor  =1.6324 + .0505 (BV) ,6843 6576 99
Off Flavor =1.84634 +.0907 (PV) .7875 1010 22

~—

*The percent of the total variance of the response, <¢splarned by
the regression equation.
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For actual shelf life prediction cf canned margarine, this meaning
the organoleptic response of a test panel at any given time,

! equations were formed by using the PV and AOM values of ihe

E initial oil and oil separated from the initial margarines, The
derived equations are:

1. EQUATIONS PREDICTING ORGANOLEPTIC RESPONSES OF
THE PAREL TO CANNED MARGARINE AS A FUNCTION OF
TEMPERATURE ("F.,}, TIME (DAYS), PEROXIDE VALUES
AND ACM VALUES

ki cn kil e

(e o

3 Note: The peroxide values and AOM value were
1 derived from the initial oil before the
addition of milk.

COLOR = =1,02470 + .000004 (temperature x time x peroxide
value)

on Lo =g

+ ,00912 (peroxide valge)2
+ .00032 (temperature)
+ 02171 <(AOM value)
3 ~ ,01614 ({temperature)
: + .80555
ODOR = 1.99533 + ,000003 (temperature x time x peroxide

value)

+ ,00038 (tempeiature x peroxide value)
+ 00006 (time)

- 01077 (time)

+ .48004

OFF-FLAVOR = 2.02078 + .000002 (temperature x time x peroxide
value)
+ .00374 (peroxide value)?
+ ,00006 {(temperature x time)
+ .44837

MOUTH-FEEL = Not predictable

2. EQUATIONS PREDICTING ORGANOLEPTIC RESPONSES
OF THE PANEL TO CANNED MARGARIKE AS A FUNCTIORN
OF TEMPERATURE (°F.i, TIME {DAYS), PEROXIDE VALUES
AND AOM VALUES

Note: The peroxide value and AOM values were
derived from the oils separated ficm
the canned margarine before storage.
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COLOR = 1.24014 + ,000006 {temperature x time x peroxide
value) 2

00576 Iperoxide valge}

00034 (temperature)

~00028 (temperature x ACM vaiug)

- 78447

j+ 8 + &

ODOR = 4.61219 + .000003 ‘tempoarature x time x peroxide
walne)

~ ,04093 (AOM Value}

+ ,00042 {tempez&ture % percxide valioe)
+ 00006 ({time}

= ,01076 {time}

+ .45837

OFF~-FLAVOR = 2,17110 + ,000C07 (temperature x time x

percxide vaiue)z
.00429 (peroxide value)
-00006 {temperature x time)
00002 (time x AOM wvalue)
-43801

I+ 1 + 4

MOUTH~FEEL = Not predictable.

To evaluate the shelf life prediction equatiens, a set af
values was computed by using the data obtained in thig storage
test study of canned margarine. The results are presented in
Table IX. As may be seen it is possible to predict the shelf
life of canned margarine with reasonable accuracy.

Another way of using the obtained prediction equations is to
assign constant values for the temperature, and AOM to be
inserted in the equations. In this manner the theoretical
development of color, odor ard off flavor c¢an be computed as
presented in graphical form in Figures 11 and 12.

During the study it was observed that the AOM stability test
was not the most reliable for predicting the sheif life of the
canned margarine. In spite of using four different wmethods faor
oil separation, only one method {the:rmal demulsification) was
found which responded to coff flaver, oder, and color changes

in simultaneous correlation with the AOM stability and pergxide
value.

The level of oxidized o0il which determined the AOM and PV level
of the initial oil was most meaningful for the development 4f
rancidity as measurea by chemical and sensosry analysis. The
temperature affected the sensory evaluation more than the
chemical analysis.
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Generally speaking, the canned margarine was very stable against
chemically measured changes. At -20°F. hardly any changes were
observed.

The mouth feel of this types of margarine is substantially
different from our regular table grade product. This difference
was s¢ great that difficulty was encountered in making the
sensory evaluation, The product does not have the customary
flavor release,

The greatest physical change was observed in the fading of the
color at the elevated storage temperature revealing the
destruction of the used coloring material,

Since it was observed that the oxidation stability of the
margarine in sealed cans was very high, it would be possible
to package regular table grade margarine in a gimilar manner
for selected military purposes.

- 10 ~
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TABLE V (Continued)

(VACUUM DISTILLATION)

12.4

3.1

N

% Oxid. 0il

~-20°F 100°F -20°F 100°F -~20°F 100°F -20°F 100°F -20°F

100°F
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FIGURE i

THEORETICAL SHELF LIFE OF CANNED MARGARINE
TEMPERATURE 100°F, AOM 65, EQUATION |
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FIGURE 12

THEORETICAL SHELF LIFE OF CANNED MARGARINE,
TEMPERATURE 100°F, AOM 63, EQUATION 2
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